Background: Ovarian cancer is the leading cause of death in women with gynecological malignancies. Brain metastases are considered an uncommon metastatic site. Only few data exist on prognostic factors for this patient collective.
introduction
Ovarian cancer is one of the most challenging diseases in the field of gynecological oncology since it is the leading cause of mortality among genital cancer [1] . The disease is associated with a high rate of relapse and tumor-related death even after optimal cytoreduction and adjuvant therapy [2] . Recurrence usually presents in the abdomen with peritoneal or lymphatic spread and is rarely observed extraabdominally as a consequence of hematogeneous dissemination. Therefore, the central nervous system (CNS) is historically described as a very uncommon site of metastatic manifestation with an incidence of only 1%-2% of patients with epithelial ovarian cancer (EOC) [3] [4] [5] . As the overall survival from ovarian cancer is increasing due to advances in therapeutic management, patients are more likely to present with uncommon complications of the disease, such as brain metastases [6] . This implies a growing relevance of CNS relapse in patients with ovarian cancer and underlines the importance of a better understanding of this condition. Information regarding predictive and prognostic marker in this patient population is limited due to the rareness of brain metastases. Therefore, the present pooled multicenter analysis was initiated.
patients and methods
A multicenter retrospective chart review of patients with histologically confirmed EOC was carried out in seven German hospitals, including Table 2 ). Most patients (51.4%) had a Karnofsky index of 60%-80%. At the time of diagnosis of brain metastases, CNS was the only site of recurrence in 52.7% of the patients, while the remaining 47.3% had evidence of extracranial disease: i.p. spread and liver metastases were the most common manifestation in these patients.
treatment modalities and survival
Multimodal therapy was applied in 58.1% of the cases, the most common modality being a combination of surgical resection, radiation and chemotherapy (Table 3 ). The most frequently applied monotherapy was radiation (20/27.0%). Of the 74 patients, 21 (28.4%) received a combination of surgical resection, radiotherapy and chemotherapy, 14 (18.9%) were treated with surgical resection and radiotherapy and the remaining patients with surgical resection or chemotherapy. Carboplatin was the chemotherapeutic agent in the fast majority of patients with chemotherapy. The median follow-up period from date of initial diagnosis was 35.8 months (range 4-141 months), the median time of follow-up from date of diagnosis of brain metastases was 6.1 months (range 0.2-41.5 months). Sixty-eight of 74 patients (91.9%) died within the observation time. Median overall survival from primary diagnosis of EOC was 36.2 months (95% CI 33.3-39.1 months) and from diagnosis of brain metastases was 6.2 months (95% CI 4.9-7.5 months).
In multivariate analysis, five factors had significant impact on survival after diagnosis of brain metastases. Patients with multiple lesions had a fourfold risk of dying (HR 4.4, 95% CI 2.0-9.7) compared with patients with single lesions (P < 0.001) (Figure 1) .
A high Karnofsky index at time of brain relapse was found to be related to a longer survival (P = 0.004). A Karnofsky index of 60%-80% and 90%-100% was related to a HR of 0.48 (95% CI 0.23-0.99) and 0.21 (95% CI 0.08-0.53), respectively, compared with a low performance status up to 50% (Figure 2 ). Patients with platinum-sensitive disease had a better survival (HR 0.23, 95% CI 0.12-0.46) than women with platinumresistant disease even in the presence of brain metastases (P < 0.001) (Figure 3 ).
Additional factors that had significant impact on survival from diagnosis of brain lesions were tumor grading and FIGO stage. Patients with 'low grade' I and II had a shorter survival (HR 3.1, 95% CI 1.7-5.8) compared with patients with grade III (P < 0.001), and patients with advanced stages at first diagnosis of ovarian cancer had a better survival after diagnosis of brain metastases (HR 0.31, 95% CI 0.13-0.74) than those with stage I or II (P = 0.011). The following factors were not found to have any significant impact on survival from diagnosis of brain lesions: histology, age at primary diagnosis, ascites, residual tumor at primary surgery, extracranial disease at time of brain relapse and presentation with or without headache. The use of multimodal strategies did not translate into a significant prolongation of survival from diagnosis of CNS relapse (HR 0.57, 95% CI 0.31-1.05) when compared with women who had received monotherapy.
discussion
The present study represents the largest cohort of patients with brain metastases from ovarian cancer reported to date. The incidence of brain metastases in our collective was 1.73%, correlating with the results of other series [4, 7, 8] . The assumption by some previous reports that the incidence of brain metastases from EOC is rising rapidly and approaching 12% cannot be supported by the findings of our study [9, 10] . However, the reported rates are most likely still underestimating the real incidence [11] . This may be due to the fact that brain imaging is not generally included in routine follow-up, and current analyses were derived from clinical 
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rather than autopsy studies. In the present study, we could observe a strong trend to more patients being diagnosed with brain metastases in the last third of the time period screened. This observation might be due to prolongation of overall survival in ovarian cancer and advances in imaging technology and availability of imaging technique [12, 13] . However, a bias due to an accumulation of patients with poorer outcome in the high-volume centers of the present study cannot be excluded.
In our retrospective analysis, data concerning response of treatment modalities were not evaluable due to the nature of the data accumulated over a period of 27 years. In the majority of patients, it was not possible to generate sufficient data such as imaging studies and other basic data sources to calculate reliable information on the response to the different treatment modalities and response evaluation was not systematically and consistently carried out.
A number of studies have been carried out in order to achieve a better understanding of patients with brain lesions from EOC to identify prognostic factors yielding inconclusive and controversial results [7, 8, 14] . A reproducible and accepted factor is the Karnofsky performance status [15] . It was demonstrated that a high performance status is likewise resulting in a higher median survival from the time of diagnosis of brain relapse [11, 15] . These findings are supported by the results of our study, which describes a significant correlation of a higher performance status with a longer median survival from diagnosis of brain metastases. Two other factors found to have a significant impact on survival in other studies could not be supported by the results of our analysis. One is the presence of extracranial disease at the time of brain relapse, which was found by Anupol et al. [7] and by Cohen et al. [4] to have a significantly negative impact. These findings could not be confirmed in our analysis, where we could not detect a significant difference between patients with or without extracranial disease with regard to survival from diagnosis of brain lesions: 6.2 months for patients with-versus 6.3 months for patients without-extracranial disease (P = 0.370). Another distinctive result of our study is the fact that no significant benefit in survival from diagnosis of brain relapse could be demonstrated for patients who had been treated with a multimodal approach in comparison to patients who had received a monotherapy. This finding is maybe related to the limited number of patients and is different to the reports of Cohen et al. [4] and Pectasides et al. [8] who found a benefit for patients who had been treated with a multimodal therapy modality in comparison to patients receiving monotherapy. It should be underlined that the comparison of these two collectives (monotherapy versus multimodal therapy) might be impaired by the inhomogenity of the treatment applied to the different patients. Despite these facts, we did observe a trend for significantly longer survival in the multimodal treatment group. In most reports, a presentation with a single lesion promises a slight advantage, but this advantage does not reach statistical significance [7, 11] . In our study, patients with a single brain lesion had significantly favorable survival compared with patients with multiple lesions. In our analysis, we found a slightly improved survival since the diagnosis of brain metastases for patients with grade III tumors compared with grade I/II tumors. This finding was surprising since grade III tumors are usually linked to a poorer prognosis than lowgrade tumors. Nevertheless, when we analyzed the interval of overall survival from primary diagnosis of ovarian cancer, there was no significant impact of grading on outcome. Furthermore, a potential selection bias in this cohort of patients with a very poor prognosis cannot be excluded. We also found an association between higher stage at primary diagnosis and slightly improved survival after diagnosis of brain lesions. This might be due to the fact that more patients with higher stage tumors at primary diagnosis die before they develop brain metastases. Those patients who live long enough to develop brain relapse might incorporate a selected group with positive basic characteristics that promise a selection bias compared with the group of early-stage tumors at primary diagnosis. However, this is only a hypothesis.
An interesting and novel finding of the current study is the fact that platinum sensitivity had a highly significant positive impact on survival from the diagnosis of brain metastases. The differentiation between patients who respond to platinumbased chemotherapy and patients who do not is well established in the clinical management of patients with recurrent ovarian cancer and the basis for the choice of systemic chemotherapy [16] . However, the role of platinum sensitivity has not been analyzed before in patients with brain metastases. One might propose that platinum resistance itself has such a detrimental impact on patient outcome that it overrules the effect of different treatment modalities in ovarian cancer patients with CNS metastasis. This observation that platinum sensitivity had a significant and relevant impact on survival in this very specific subgroup should be considered in the management of patients with brain lesions from EOC regarding multimodal treatment approaches.
conclusions
The most important finding of this study is the fact that platinum sensitivity had a highly significant positive impact on survival of patients with brain metastases from EOC. Based on the fact that this key factor in the management of EOC can be translated from the standard collective to this highly specific subgroup of patients with a very poor prognosis, future prospective studies should focus on a multimodal approach with special consideration of the previous response to platinum-based chemotherapy. 
